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Mercury accumulation in kidney lysosomes of proteinuric rats.
The purpose of the present study was to determine whether lyso-
somal accumulation of mercury in the kidney is due to a leakage
of protein-bound mercury through the glomerular filtration bar-
rier followed by reabsorption into the lysosomal system of the
proximal tubule. The subcellular distribution of mercury in the
kidney was studied in four different groups of rats with and with-
out proteinuria: normal young rats, young rats with amino-
nucleoside nephrosis, old rats with spontaneous proteinuria, and
old rats with chronic mercury intoxication and proteinuria. Ra-
dioactive mercuric chloride (203HgC12) was injected s.c. into the
rats 72 hours before sacrifice. Cell fractionation experiments
were carried out on homogenates of the renal cortex by dif-
ferential centrifugation. Determination of radioactive mercury in
the subcellular fractions revealed that mercury was concentrated
in the lysosomal fraction of all rats with proteinuria. In contrast,
normal rats without proteinuria had the highest concentration of
mercury in the supernatant, and there was no enrichment of mer-
cury in the lysosomal fraction. Gel filtration chromatography
performed on urine samples from proteinuric rats demonstrated
that excreted mercury was associated with the albumin fraction.
The accumulation of mercury in renal lysosomes of proteinuric
rats and the demonstration of mercury bound to albumin in the
urine support the hypothesis that mercury bound to plasma pro-
teins passes the glomerular filtration barrier in proteinuric condi-
tions and enters the lysosomal system of the proximal tubule by
way of endocytosis.
Accumulation de mercure dans les lysosomes rénaux de rats pro-
téinuriques. Le but de cc travail a été de determiner si
l'accumulation lysosomale de mercure dans Ic rein eSt due a une
fuite de mercure lie aux protéines a travers Ia barrière de filtra-
tion glomCrulaire suivie d'une reabsorption dans le système
lysosomal du tube proximal. La distribution subcellulaire du
mercure a été étudiëe dans quatre groupes de rats : des jeunes
rats normaux, des jeunes rats atteints de néphropathie de
l'aminonucléoside, des rats âgés avec une protéinurie spontanCe
et des rats âgés avec une intoxication mercurielle chronique et
une protéinurie. Du mercure radioactif (203HgC12) a été injecté
par voie sous-cutanée a des rats 72 heures avant Ic sacrifice. Le
fractionnement cellulaire a été réalisé sur des homogénats de
cortex renal par centrifugation différentielle. La determination
du mercure radioactif dans les fractions subcellulaires a révélé
que Ic mercure est concentré dans Ia fraction lysosomale de tous
les rats protéinuriques. Les rats normaux sans protéinurie, au
contraire, ont une concentration de mercure plus élevée dans le
surnageant et il n'y a pas d'enrichissement en mercure de Ia frac-
tion lysosomale. La chromatographie par filtration sur gel real-
isée sur les échantillons d'urine de rats protéinuriques a dC-
montré que du mercure excrété est associée a Ia fraction albumi-
nique. L'accumulation de mercure dans les lysosomes rCnaux
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des rats protéinuriques et la misc en evidence de mercure lie a
l'albumine dans l'urine sont en faveur de l'hypothèse selon la-
quelle le mercure lie a des proteines plasmatiques passe Ia barr'-
ère de filtration glomérulaire dans les situations oü ii existe une
protéinurie et entre dans Ic système lysosomal du tube proximal
par endocytose.
There is considerable evidence that lysosomes in
many different cell types have the ability to ingest
and sequester heavy metals both under normal con-
ditions and in various disease states, as well as in
certain experimental situations [1]. Little is known,
however, concerning the mechanism behind the ac-
cumulation of various metals in the lysosomes.
In a previous study from this laboratory, it was
demonstrated that mercury accumulates in rat kid-
ney lysosomes after long-term exposure to small
amounts of mercuric chloride in the drinking water,
but not after short-term exposure of 2 months or
following a single injection of mercuric chloride [2,
3]. These findings contrast with results of experi-
ments on rat liver where mercury accumulated in
the lysosomes after both a single injection as well as
after long-term exposure to various mercury com-
pounds [4-6].
Because it is known that mercury is bound to
nonfiltrable plasma proteins in the blood [7-9], we
have suggested [2] that the mechanism behind the
uptake of mercury in kidney lysosomes might be the
passage of protein-bound mercury through a leaky
glomerular filtration barrier in proteinuric rats, with
the subsequent reabsorption into the lysosomal sys-
tem of the proximal tubule.
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The aim of the present investigation was to test
this hypothesis by examining the intracellular distri-
bution of mercury in proteinuric and nonproteinuric
rats. In separate experiments, the binding of mer-
cury to proteins in the urine was studied by gel fil-
tration chromatography.
The results demonstrate that mercury is concen-
trated in renal lysosomes of rats with proteinuria
but not in normal nonproteinuric rats, and that mer-
cury is, to a large extent, bound to albumin in the
urine in proteinuric conditions. These findings sup-
port the suggestion that lysosomal accumulation of
mercury is at least in part due to endocytic uptake
of protein-bound mercury from the tubular fluid. Al-
though lysosomal accumulation of mercury in the
kidney accounts for only a small fraction of the total
mercury content in the organ following chronic ex-
posure to mercuric chloride, it would appear, none-
theless, to be very important from a functional
standpoint, because earlier studies from our labora-
tory have demonstrated that the presence of mer-
cury within lysosomes significantly impairs their
ability to digest proteins administered exogenously
[10].
Methods
Radioactive mercuric chloride (203HgCl2) was
purchased from Amersham, England. The specific
activities of the radioactive mercury were 0.4 mCi!
mg Hg in the tissue fractionation experiments and
1.3 mCi/mg Hg in the studies of mercury binding to
proteins in the urine.
Animals. Male Wistar rats were used in all exper-
iments. Four different groups of animals were used
for the tissue fractionation experiments: group A,
normal 3-month-old rats without proteinuria; group
B, 3-month-old rats with aminonucleoside nephro-
sis; group C, normal 14-month-old rats with sponta-
neous proteinuria; group D, 14-month-old rats with
chronic mercury intoxication and proteinuria. In
additional experiments (group E), the binding of
mercury to proteins in the urine was studied in nor-
mal 2-month-old rats, normal 17- to 20-month-old
rats with spontaneous proteinuria, and 17- to 20-
month-old rats with chronic mercury intoxication
and proteinuria.
Three-month-old rats with and without protein-
uria (groups A and B). Four rats, each weighing 300
g, received daily s.c. injections of the aminonucleo-
side of puromycin (Sigma); (1.3 mg per 100 g of
body wt in 0.2 ml of saline) for 5 days. On day 5, 24-
hour urine samples were collected to quantify the
urinary protein excretion. The four animals injected
with the aminonucleoside of puromycin had mas-
sive proteinuria (> 300 mg/day) (group B). On day
8, a single s.c. injection of 203HgCl2 containing 25 sg
of mercury in 0.3 ml of saline was given to both ex-
perimental and control animals, and 72 hours later
the animals were sacrificed as described below.
Fourteen-month-old rats with proteinuria (groups
CandD). Group C consisted of four rats with spon-
taneous proteinuria, and group D consisted of six
rats with proteinuria after chronic exposure to mer-
curic chloride (Sigma) in the drinking water (15 mg/
Hg/liter) for 12 months. The body weights of the ani-
mals were 609 (SD) 51 g in group C and 593 (SD)
30 g in group D. All animals excreted more than 100
mg of protein in the urine per 24 hours. The animals
in both groups received a single s.c. injection of
203HgCl2 containing 8 g of mercury per 100 g of
body wt in 0.3 ml of saline, and 72 hours later the
animals were sacrificed as described below.
Seventeen- to twenty-month-old rats with pro-
teinuria (group E). For the determination of binding
of mercury to urine proteins, three rats with sponta-
neous proteinuria and three rats with proteinuria af-
ter chronic exposure to mercuric chloride in the
drinking water (15 mg/Hg/liter) for 15 to 18 months
were used. The body weights of the animals ranged
from 450 to 550 g, and all excreted more than 200
mg of protein per 24 hours. Normal 2-month-old
rats without proteinuria (< 30 mg of protein/day)
served as controls. All animals received a s.c. injec-
tion of 203HgCl2 containing 15 g of mercury per 100
g of body wt in 0.3 ml of saline, and urine samples
were collected during the first 24 hours after injec-
tion, with thymol used as a preserving agent. Imme-
diately after collection, the samples were centri-
fuged at 2500 rpm for 10 mm, and the sediment was
discarded. The total content of radioactive mercury
in the 24-hour urine samples was determined before
and after centrifugation, and the urinary proteins
were separated by gel filtration as described below
to estimate the binding of mercury.
Tissue fractionation. Seventy-two hours after a
s.c. injection of 203HgC12, the animals were anesthe-
tized, and the kidneys were perfused through the
abdominal aorta with an isotonic Ringer's solution.
The cortex from the right kidney of one animal was
used in each tissue fractionation experiment. The
tissue was homogenized, and subcellular fractions
were isolated from the homogenates by differential
centrifugation by the procedure described by
Maunsbach [11]. Homogenates and subcellular
fractions were assayed for mercury, protein, and
acid phosphatase. Radioactive mercury was deter-
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mined by gamma counting and expressed as relative
specific content (percentage of mercury in the frac-
tion per percentage of protein in the fraction). Pro-
tein was determined by the method of Lowry et a!
[12], with bovine serum albumin used as a standard.
Acid phosphatase activity was measured, with /3-
glycerophosphate used as a substrate, and released
inorganic phosphate was determined by the method
of Fiske and Subbarow [13], with amidol used as a
reducing agent. The results were expressed as rela-
tive specific activity (percentage of acid phospha-
tase in the fraction per percentage of protein in the
fraction).
Determination of protein and radioactive mer-
cury in the urine. Protein was determined in 24-hour
urine samples from all animals before the start of
the experiments to ensure that all experimental ani-
mals had proteinuria. Furthermore, urine samples
were collected from animals in groups A and B im-
mediately before sacrifice and from those in group
E during the first 24 hours after injection of
203HgC12. During the collection of the urine, the ani-
mals were placed in metabolic cages where they re-
ceived water ad jib but had no access to food. Urine
samples from group E were centrifuged as de-
scribed above, and all other urine samples were fil-
tered through a Sartorius membrane filter with a
pore size of 0.45 . Total protein in the urine was
determined by the method of Lowry et al [12] after
precipitation with 5% trichloroacetic acid as de-
scribed previously [2]. Radioactive mercury in the
urine was determined by gamma counting.
Ge/filtration chromatography. The separation of
proteins in the urine was carried out on a column of
Sephadex G-100. The dimensions of the column
were 90 X 1.5 cm. Two milliliters of urine with a
protein concentration ranging between 10 and 20
mg/ml (proteinuric animals) or 2 to 3 mg/ml (control
animals) were applied to the top of the column. For
elution, a 0.1 M tris-HC1 buffer (pH, 8.0) with 1 M
sodium chloride was used. A constant flow rate of 8
mi/hr was obtained with a peristaltic pump (LKB).
Three-milliliter fractions were collected and as-
sayed for radioactive mercury by gamma counting
and for protein by measuring the absorbancy at 280
nm in a spectrophotometer.
To estimate the approximate molecular weight of
the proteins that bound mercury, we calibrated the
column by chromatography of proteins with known
molecular weights, including cytochrome C (12,400
daltons), ovalbumin (45,000 daltons), bovine serum
albumin (67,000 daltons), and y-globulin (150,000
daltons) as described by Andrews [14, 15]. The rela-
Mol wt, cia/tons
Fig. 1. Relationship between the relative elution volumes (Ve/Vo)
and the molecular weights of different proteins: cytochrome C
(12,400 daltons), ovalbumin (45,000 daltons), bovine serum albu-
min (67,000 daltons), and y-globulin (150,000 daltons).Ve de-
notes elution volume; V0. void volume. The molecular weights
are plotted on a logarithmic scale.
tive elution volume, Ve/Vo, (elution volume per void
volume) was then determined and plotted against
the logarithm of the molecular weights of the pro-
teins (Fig. 1). The void volume, V0, of the column
was determined by chromatography of blue dex-
tran.
Statistical methods. The significance of the dif-
ferences between mean values was calculated by
using the Mann-Whitney rank sum test.
Results
Urinary excretion of protein and mercury. The
protein content in 24-hour urine samples is shown in
Table 1. Injections of the aminonucleoside of pu-
romycin (group B) induced a heavy proteinuria (>
300 mg/day). There was no difference in the excre-
tion of protein in the two groups of 14-month-old
rats (groups C and D), and each animal excreted
more than 100 mg of protein/day. The urine samples
obtained from the proteinuric animals that were
used in the gel chromatography study (group E)
contained between 200 and 400 mg of protein,
whereas those from the control animals contained
between 20 and 30 mg of proteinlday. The urinary
excretion of radioactive mercury just before sacri-
fice was 0.51 0.13 in nephrotic rats (group B), and
0.25 (SD) 0.05 pg/day in control animals (group A)
(P = 0.02).
Subcellular distribution of radioactive mercury in
the kidney. The subcellular distribution of mercury
is given in Table 2, which shows the percentage of
mercury and protein in each of the subcellular frac-
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Table 1. Urinary protein excretion and lysosomal mercury accumulationa
Protein in urine Mercury in lysosomes
Group mg/day relative specific content
A. Control(N=5) 17.4 2.2 0.65 0.12
B. Aminonucleosidenephrosis(N= 4) 471 ll4' 2.12 Ø•20b
C. Spontaneousproteinuria(N=4) 215 126k 1.18 0.34"
D. Chronic mercury intoxication (N = 6) 183 82's 1.79 Ø3Qc
a Values are the means SD.
b Significantly different (P = 0.02) from control (group A)
Significantly different (P = 0.01) from control (group A)
Table 2. Distribution of mercury and protein in subcellular fractions from the rat renal cortexa
Yield, % of homogenateTotal
amount in Nuclear Lysosomal Mitochondnal Brush border Recovery
Group homogenate" fraction fraction fraction fraction Supernatant %
A. Control (N = 5)
Mercury 4.24 0.40 19.6 1.1 0.85 0.08 6.48 1.04 4.14 0.76 65.7 5.8 96.8 7.0
Protein 160 14 32.5 3.0 1.32 0.17 18.8 1.5 6.30 0.72 41.2 4.5 100.1 6.0
B. Aminonucleoside nephrosis (N = 4)
Mercury 3.77 0.23 25.3 2.2 2.44 0.52c 11.4 1.7e 3.87 0.64 46.7 4.2c 89.6 4.0
Protein 182 17 34.9 2.9 1.15 0.22 18.0 2.7 5.67 1.15 41.5 3.3 101.2 4.3
C. Spontaneous proteinuria (N = 4)
Mercury 11.2 1.4 25.4 1.9c 1.29 0.49° 6.65 1.02 2.29 0.69° 50.9 4.8° 86.5 6.0
Protein 202 21 39.5 2.7 1.08 0.11 16.3 0.64 3.60 1.04 34.1 1.7 94.7 3.3
D. Chronic mercury intoxication (N = 6)
Mercury 12.0 1.3 23.3 2.5° 1.72 032d 9.41 1•27d 2.35 049d 54.8 5.1° 91.6 5.0
Protein 237 21 33.6 4.0 0.98 0.20 17.6 1.3 3.16 0.63 37.1 5.8 92.4 8.9
a All values are means SD.
"Absolute values are given in sg for mercury and mg for protein.
Significantly different (P 0.05) from control (group A)
1 Significantly different (P = 0.01) from control (group A)
tions. In all groups of proteinuric animals (B, C, and
D), there was an increase in the relative amount
(yield) of mercury in the nuclear and lysosomal
fractions, and a decrease in the supernatant, when
compared with control animals (group A). In addi-
tion, groups B and D showed an increase in the rela-
tive content of mercury in the mitochondrial frac-
tion.
The relative specific content of radioactive mer-
cury and acid phosphatase in the different fractions
is shown in Figs. 2 and 3. There was an enrichment
of mercury in the lysosomal fractions of all rats with
proteinuria (groups B, C, and D), whereas in normal
young control rats (group A), the highest mercury
concentration was observed in the supernatant. The
relative specific mercury content was highest in the
lysosomal fractions from rats with aminonucleoside
nephrosis, and these animals also had the highest
protein excretion in the urine (Table 1).
There were no differences in the distribution of
acid phosphatase in the subcellular fractions be-
tween the different experimental groups except for
an increase in the relative specific activity in the
mitochondrial fraction of rats with aminonucleoside
nephrosis, probably due to an increase in the num-
ber of lysosomes in the mitochondrial fraction.
Binding of radioactive mercury in the urine. The
total excretion of radioactive mercury in the urine
during the first 24 hours after the injection varied
from 0.6 to 3.5% of the injected amount. The con-
tent of mercury in the urine sediments after centri-
fugation of the samples amounted to 4 to 10% of the
total mercury content in the urine.
The results of the gel chromatography studies of
the urine samples from proteinuric and control ani-
mals are shown in Figs. 4 and 5, respectively. De-
termination of the transmission at 280 nm in urine
samples from proteinuric rats revealed two peaks,
one corresponding to albumin and sometimes hav-
ing a shoulder that probably, in part, represents
globulin, and another corresponding to low-molecu-
lar-weight compounds eluted with the total bed vol-
ume (< 5000 daltons) and probably representing
peptides and amino acids. The radioactive mercury
was eluted with the albumin fraction and in the low-
molecular-weight fraction (< 5000 daltons). In addi-
5 N LMB S N LMB S
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2 Acid phosphatase
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2 2t3Mercury
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ióo 50
Percent of total protein Percent of total protein
Fig. 2. Subcellular distribution of mercury 203 and acid phosphatase in the renal cortex from 3-month-old rats without proteinuria (group
A) and from 3-month-old rats si'ith aminonucleoside nephrosis (group B). N is nuclear fraction; L. Iysosomal fraction; M, mitochondrial
fraction; B, brush border fraction; and S, supernatant.
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Fig. 3. Subcellular distribution of mercury 203 and acid phosphatase in the renal cortex from 14-month-old rats with spontaneous protein-
uria (group C) and from 14-month-old rats with chronic mercury intoxication and proteinuria (group D). Fractions are the same as those
in Fig. 2.
tion, a small peak partly hidden by the albumin
bound mercury was observed corresponding to a
high-molecular-weight compound (> 150,000 dat-
tons). The chromatograms from the two groups of
proteinuric animals (C and D) showed similar distri-
bution patterns for both proteins and mercury.
The urine samples from normal nonproteinuric
rats contained large amounts of low-molecular-
weight compounds with the same elution volume as
described for proteinuric animals. In addition, they
often contained a protein fraction with a molecular
weight of approximately 12,000 daltons, and occa-
sionally, a protein peak was observed around the
exclusion limit of the column (> 150,000 daltons).
The radioactive mercury was eluted mainly with the
low-molecular-weight compounds (< 5000 daltons)
and to a smaller extent with a high-molecular-
weight fraction (> 150,000 daltons).
Discussion
The results of the present study demonstrate that
mercury accumulates in renal lysosomes in both
young and old rats with proteinuria, and that the
mercury content of the urine of proteinuric animals
is, to a large extent, bound to albumin. Taken to-
gether, these findings are compatible with the hy-
pothesis that the mechanism behind the accumula-
tion of mercury in kidney lysosomes is the leakage
of protein-bound mercury through the glomerular
filtration barrier followed by endocytic uptake of
the bound mercury into the lysosomal system of the
proximal tubule. These results do not imply, how-
ever, that lysosomal accumulation of mercury rep-
resents the major pathway for renal uptake of mer-
cury in proteinuric conditions. On the contrary, the
greatest amount of mercury in the kidney is located
in the cytoplasm in all four groups of animals stud-
ied. It is unclear at present how the mercury in the
cytoplasm actually enters the tubular cells, that is,
whether it is taken up from the luminal or the pen-
tubular side or both {8], but there is no evidence
that the lysosomal system is involved.
Subcutaneous injection of the aminonucleo side of
puromycin is a well-known method used to induce
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proteinuria in otherwise normal rats [16—19]. It has
been demonstrated that the proteins excreted in the
urine during aminonucleoside nephrosis consist of
plasma proteins, especially albumin, but also high-
molecular-weight globulins later in the disease [17,
20]. Electron microscopic studies of the glomerular
capillary wall in rats with aminonucleoside nephro-
sis have revealed an altered permeability to dif-
ferent tracer proteins, indicating that the increased
excretion of plasma proteins is due to changes in the
glomerular filtration barrier [16, 18, 21]. Likewise, it
is well established that urinary protein excretion in
the rat increases with increasing age [22—26], and
electrophoretic analyses have demonstrated that
the urine of old rats contains large amounts of
plasma proteins, especially albumin [23, 25, 27].
The demonstration that a considerable part of the
mercury contained in the urine of proteinuric rats
30,000 was eluted with the albumin fraction suggests that
protein-bound mercury, in this case radioactive
25,000 mercury, is filtered by the glomerulus in proteinuric
conditions. Although binding of mercury to plasma
20,000 proteins was not examined in the four groups of ani-
15 000 mals in the present study, there is ample evidence
from previous investigations that mercury is bound
10,000 primarily to plasma proteins that are not filtered
across the glomerular capillary wall under normal
5,000 conditions [7—9]. Electrophoretic analysis has re-
vealed binding of mercury to several high-molecu-
lar-weight proteins, including lipoproteins and
globulins [9], and to serum albumin and globulins
[7, 8].
Proteins in the glomerular filtrate are reabsorbed
in the proximal tubule by endocytosis and sub-
sequently transferred to the lysosomes [28—30].
This mechanism is well documented for albumin in
microperfusion studies [3 1—33]. It is therefore likely
that mercury enters the lysosomal system bound to
20,000 molecules of albumin or globulin, or both, that are
reabsorbed from the tubule lumen in proteinuric an-
15,000 imals. It is also possible that a certain amount of
mercury could bind to protein in the tubular fluid
10,000 after passage through the glomerular filtration bar-
000 rier. The fact that mercury is bound to plasma pro-
teins in the blood [7-9] and our demonstration that
mercury is bound to albumin in the urine make it
most likely, however, that the mercury-protein com-
plexes are formed before transglomerular passage
and are then reabsorbed by endocytosis into the
proximal tubule cells.
In the cell fractionation studies, the highest spe-
cific mercury content was observed in the lysosom-
al fractions obtained from rats with amino-
nucleoside nephrosis (group B). These animals also
had the highest urine protein excretion. The total
concentration and amount of mercury in the homog-
enate were, however, lower in these rats than that
measured in the control animals (group A). There
are several possible explanations for this seemingly
paradoxical finding. First, because the mercury
content of the lysosomal fraction was increased, the
reduction in total content of mercury in the kidneys
of these animals must be ascribed to a decrease in
the uptake of unbound mercury that is believed to
enter the tubule from both the luminal and anti-
luminal sides via mechanisms that are incompletely
understood but may involve active transport pro-
,000
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Elution volume, ml
Fig. 4. Chromatography of urine sample from 20-month-old rat
with chronic mercury intoxication and proteinuria, after s.c. in-
jection of radioactive mercuric chloride (203HgCl2). Open circles
(o__o) denote protein; closedcircles (.__.), mercury 203.
Recovery of mercury 203 was 99%.
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15
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Elution volume, ml
Fig. 5. Chromatography of urine sample from normal 2-month-
old rat after s.c. injection of radioactive mercuric chloride
(203HgCl2). Open circles (o——o) denote protein; closed circles
(.__.), mercury 203. Recovery of mercury 203 was 99%.
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cesses [8]. It has been established that GFR is re-
duced in animals with aminonucleoside nephrosis
[20, 34, 35], a factor that could account, at least in
part, for the reduction in total mercury content of
the kidney. Second, it is possible that amino-
nucleoside has a direct inhibitory effect on the up-
take of mercury ions in the proximal tubule. Mor-
phologic injury to the proximal tubule following
aminonucleoside administration has been demon-
strated in the rat [36], thus making such an ex-
planation seem feasible. Finally, it is possible that
the reabsorption of excessive amounts of protein
that occurs with aminonucleoside nephrosis, and its
subsequent digestion, may impair other functions of
the proximal tubule, including the ability to absorb
nonprotein-bound mercury.
The relative specific content of radioactive mer-
cury in the lysosomal fraction was considerably in-
creased in all three groups of proteinuric animals
that were studied (Table 1). In all animals, however,
most of the radioactive mercury was present in the
cell cytoplasm. In addition, radioactive mercury
was found in the nuclear fraction, where the relative
amount was slightly increased in the proteinuric an-
imals. Intranuclear localization of mercury has been
reported by other investigators who demonstrated
binding of mercury to the euchromatin fraction [37]
and to a nonhistone protein component [38]. The
increased mercury content in the mitochondrial
fractions obtained from proteinuric animals was
probably the result of contamination of these frac-
tions with lysosomes, because a few lysosome-like
cytoplasmic bodies are often present in the mito-
chondrial fraction [39]. This explanation is also sup-
ported by the finding of an increase in acid phospha-
tase activity in the mitochondrial fraction derived
from animals with aminonucleoside nephrosis, in-
dicating an increase in the number of lysosomes.
A considerable quantity of the mercury in the
urine of both proteinuric and nonproteinuric ani-
mals was eluted at a volume corresponding to the
total bed volume, which suggests that the mercury
was probably bound to low-molecular-weight com-
pounds such as peptides or amino acids. This obser-
vation is in agreement with the studies of Jaku-
bowski, Piotrowski, and Trojanowska [9], who
found that approximately 40% of the mercury in the
urine of normal rats was bound to low-molecular-
weight compounds (100 to 300 daltons).
Heavy metals accumulate in lysosomes during
various pathologic and experimental conditions [1],
but little is known about the mechanism behind this
accumulation. Furthermore, most evidence for the
role of lysosomes in metal storage is based on ex-
periments with liver tissue. The results of the pres-
ent study support the hypothesis that mercury en-
ters the lysosomal system of the renal proximal tu-
bule bound to proteins that are reabsorbed from the
tubule lumen by endocytosis. Whether endocytic
uptake of protein-bound metal is of importance for
lysosomal accumulation of other heavy metals is
not known at present, but this mechanism might ex-
plain the presence of other metals in renal lyso-
somes during proteinuria, as well as provide an ex-
planation for the lysosomal accumulation of metals
in the liver, because in the case of the latter, pro-
tein-bound metals in the blood have easy access to
the liver cells.
The presence of mercury in renal lysosomes has
been shown to decrease the protein catabolism that
normally occurs in the lysosomes [10]. Whether
mercury has a similar effect on lysosomal function
in other organs is not known. Besides being concen-
trated in the kidney, mercury has also been report-
ed to accumulate in the thyroid and pituitary glands
[40]; little is known, however, about the intra-
cellular distribution of the metal in these organs. If
protein-bound mercury is taken up into the lyso-
somal system of the thyroid and pituitary glands, it
may have serious functional implications, because
lysosomes are known to play an important role in the
regulation of hormone release from these glands
[41-44].
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